Energy expenditure is a physiological process that may be closely associated with residual feed intake (RFI). The maintenance energy (ME M ) EPD was developed by the Red Angus Association of America (RAAA) and is used as an indicator of energy expenditure. The objectives of this study were to evaluate and quantify the following relationships using progeny of Red Angus (RA) sires divergent for ME M EPD: 1) postweaning RFI and fi nishing phase feed effi ciency (FE), 2) postweaning RFI and end-product quality, and 3) postweaning RFI and sire ME M EPD. A total of 12 RA sires divergent for ME M EPD were chosen using the RAAA-generated ME M EPD values and were partitioned into 2 groups: high ME M EPD (≥4 Mcal/mo) and low ME M EPD (<4 Mcal/mo), based on the breed average of 4 Mcal/mo. Commercial crossbred cows were inseminated to produce 3 cohorts of progeny, which were tested for postweaning RFI (cohorts 1, 2, and 3) and fi nishing phase FE (cohorts 1 and 3). Results indicate that postweaning RFI and fi nishing phase FE of steer progeny tended to be positively correlated (r = 0.38; P = 0.06) in cohort 1 and were positively correlated (r = 0.50; P = 0.001) in cohort 3. In addition, postweaning RFI was not phenotypically correlated (P > 0.05) with any carcass traits or end-product quality measurements. Sire ME M EPD was phenotypically correlated (P < 0.05) with carcass traits in cohort 1 (HCW, LM area, KPH, fat thickness, and yield grade) and cohort 2 (KPH and fat thickness). Since variation in measured LM area was not explained by the genetic potential of rib eye area EPD, and therefore, the observed correlation between sire ME M EPD and measured LM area may suggest an association between ME M EPD and LM area. A correlation (r = 0.24; P = 0.02) was observed between postweaning RFI and ultrasound intramuscular fat percentage in cohort 2 but was not detected in cohorts 1 or 3. In addition, no phenotypic relationship was observed (P > 0.05) between progeny postweaning RFI and sire ME M EPD. Therefore, results suggest 1) RFI measured during the postweaning growth phase is indicative of FE status in the fi nishing phase, 2) neither RFI nor sire ME M EPD negatively affected carcass or end-product quality, and 3) RFI and sire ME M EPD are not phenotypically associated.
INTRODUCTION
There is a renewed interest across the beef industry to improve feed effi ciency (FE), especially given the recent and rapid increase in feed costs (since 2006) . Residual feed intake (RFI), a FE trait, measures the variation in feed intake beyond that needed to support maintenance, growth (Archer et al., 1999) , and body composition (Basarab et al., 2003) . Because RFI has been shown to be moderately heritable and independent of growth, it is considered valuable as a tool to improve FE (Herd and Bishop, 2000; Arthur et al., 2001a) .
In 2004, the Red Angus Association of America (RAAA) was the fi rst breed association to include a measure of effi ciency in its international genetic evaluation program, attempting to reduce cow maintenance costs through the development of the maintenance energy (ME M ) EPD (Evans, 2001 ). Maintenance energy EPD is used as an indicator of energy expenditure required to sustain body tissues. Estimating the ME M requirement of an animal is an innovative way to begin to partition energy required for maintenance away from other traits closely associated with energy consumption.
Various genetic, phenotypic, and physiological relationships have been identifi ed within the context of RFI (Baker et al., 2006; Sherman et al., 2010; Kelly et al., 2011) . However, few studies have focused on energy expenditure associated with RFI. Due to the physiological importance of energy expenditure and industry motivation to produce feed-effi cient cattle, it is important to identify the relationships between RFI and ME M EPD and their interactions with other performance and endproduct quality variables. Therefore, the objectives of this study were to evaluate and quantify the following relationships using progeny of Red Angus (RA) sires divergent for ME M EPD: 1) postweaning RFI and fi nishing phase FE, 2) both postweaning RFI and sire ME M EPD with end-product quality, and 3) postweaning RFI and sire ME M EPD.
MATERIALS AND METHODS
All animal procedures were reviewed and approved by the Institutional Animal Care and Use Committee as required by federal law and University of Idaho (UI) policy.
Selection and Use of Sires
A total of 12 RA sires divergent for ME M EPD were chosen using the RAAA-generated ME M EPD. Criteria for recruiting sires to the study were 1) ME M EPD accuracy ≥ 0.50, 2) balance of other production traits across sires for which EPD were available, and 3) availability of adequate semen supplies. Developed by Evans (2001) , the equation for calculation of ME M is MEm i = MEm (MW i ) + 0.10 × MEp i , in which MEm i = EBV of ME requirements at maintenance for individual i, MEm (MW i ) = EBV of metabolic BW at 5 yr of age and the population mean mature BW for individual i adjusted to a BCS of 5, and MEp i = lactation energy for individual i derived from the genetic prediction of the individual for weaning weight maternal. The prediction is divided by 2 to be reported as expected progeny difference or EPD and is expressed in megacalories per month (Enns et al., 2004) .
The active sire breed average for RA ME M EPD was 4 Mcal/mo in 2011 (RAAA, 2011) . Based on this information, the sires were partitioned into 2 groups: high ME M EPD (≥4 Mcal/mo) and low ME M EPD (<4 Mcal/mo), with the groups being different (P < 0.001) for ME M EPD. To obtain a balance of other traits across the high and low ME M EPD groups, mean EPD values were calculated for both groups, and no differences (P > 0.05) were found between the high and low ME M EPD groups for the following RAAA quantitative traits: milk, total maternal, calving ease maternal, stayability, rib-eye area, yield grade, 12th rib fat thickness, and marbling. It was not possible to balance for other EPD; calving ease direct (P = 0.04), birth weight (P = 0.04), heifer pregnancy (P = 0.03), weaning weight (P = 0.03), and carcass weight (P = 0.04). Yearling weight (P = 0.15) were not different between the high and low ME M EPD groups. Table 1 summarizes important trait EPD for sires represented within their respective ME M EPD group in each cohort. Each sire was represented across 2 to 3 cohorts. Crossbred cows were estrus synchronized and bred by AI over 3 yr. All cows and calves were managed under routine industry management practices. Progeny were genotyped for sire validation (Pfi zer Animal Genetics, Kalamazoo MI) before RFI evaluation. Upon completion of the 3 annual breeding cycles, 11 out of 12 sires produced 15 or more F 1 progeny.
Postweaning Residual Feed Intake Evaluation
In 2008, crossbred calves (steers, n = 25; heifers, n = 17) were transported from the Nancy M. Cummings Research, Extension and Education Center (NMCREEC, Carmen, ID) to the UI campus (Moscow, ID) for cohort 1 RFI evaluation, using Calan gates (American Calan, Northwood, NH) to measure individual feed intake. In 2009, cohort 2 crossbred calves (steers, n = 8; heifers, n = 11) from Wood Cattle Company (Ardmore, SD) were simultaneously evaluated for RFI with NMCREEC crossbred calves (steers, n = 38; heifers, n = 34), and in 2010, cohort 3 crossbred calves (steers, n = 38; heifers, n = 50) from NMCREEC were evaluated, using electronic, individual feed intake recording equipment (GrowSafe Systems Ltd., Airdrie, Alberta, Canada) located at NMCREEC.
Testing protocols were conducted in a similar manner for all cohorts, with stability of feed intake being the primary indicator for initiation of testing period. Before postweaning RFI evaluation, steers and heifers were allowed approximately 2 wk to adjust to the diet and feeding system environment (Calan gates and GrowSafe). Animals not adapting to the feeding sys-tem within the 2 wk adjustment period were removed from the test. Before the morning feeding, animals were weighed on 2 consecutive days at the beginning (d 0 and 1) and end (d 84 and 85) of the test period and every 2 wk during the test period. Animals were fed an industrystandard growing ration (Table 2 ) and were allowed ad libitum access to fresh water and feed, in which feed was provided twice daily at the same time each day. When using the Calan gate feeding system, feed was delivered manually twice daily and orts were removed and weighed daily. Mechanical feeding equipment was used to deliver feed when using the GrowSafe feeding system. Daily orts removal was not necessary; however, bunks were cleaned weekly to prevent feed accumulation and spoilage. Bunk attendance and feed disappearance were recorded using GrowSafe Data Acquisition software (GrowSafe Systems Ltd.). Individual feed intake data were excluded from analysis during circumstances such as equipment failure or poor animal health. A certifi ed Ultrasound Guidelines Council (UGC) technician collected measurements for ultrasound fat thickness (UFT), ultrasound intramuscular fat (UIMF), and ultrasound LM area (ULMA) on d 84. Hair was removed, vegetable oil was applied between the 12th and 13th ribs, and measurements were taken using an Aloka 500V (Aloka America, Wallingford, CT). Images were processed using the Ultrasound Image Capture System (UICS) software (National Cup Laboratory, Ames, IA) for interpretation by a certifi ed lab technician. In addition, the images were not standardized or adjusted for age or BW by the software or interpreter. 
Finishing Phase Feed Effi ciency Evaluation
After postweaning RFI evaluation, the growing ration was modifi ed in 4 stages to a fi nishing ration (Table  3) . Individual feed intake and growth were recorded for steers only (not heifers) in cohorts 1 and 3 to evaluate fi nishing phase FE. Cohort 2 steers were commercially fi nished at Snake River Farms (AgriBeef Inc., American Falls, ID) due to an occupancy confl ict within the testing system. Testing protocols used for postweaning RFI evaluation were also implemented for fi nishing phase FE evaluation. Steers were fi nished to a target BW of 591 kg (group average) before shipment for harvest, which resulted in a recorded feed intake period of approximately 110 d (including all modifi cations of the fi nishing ration).
Harvest and Carcass Data Collection
All steers were harvested at Washington Beef (Toppenish, WA), where carcass data were collected for cohorts 1, 2, and 3 via the VBG2000 Vision Camera (Vision For You LLC, Dakota Dunes, SD) and a trained carcass evaluator. In addition, the LM (i.e., strip loin) and biceps femoris (Thornton et al., 2012) were collected from the left side of each carcass (cohorts 1 and 2 only) during the fabrication process for various measurements of product quality.
Product Quality Measurements
After harvest of cattle in cohorts 1 (May 2009) and 2 (July 2010), the vacuum packaged strip loins [Institutional Meat Purchase Specifi cation (IMPS) 180] were purchased and transported to the UI campus meat science laboratory (Moscow, ID) for aging and postharvest processing. On d 9 (cohort 1) and on d 10 (cohort 2) postmortem, wholesale cuts were removed from the vacuum packages. The anterior end of the strip loin was prepared by removing a slice approximately 2 cm thick, perpendicular to the long axis of the LM. Subsequently, a total of 5 steaks were cut from the LM muscle, with each steak being 2.54 cm thick. Steaks were allowed to age for an additional 4 d at 4°C before testing procedures were conducted. Individual steaks were used for the following analyses: proximate analysis, pH and color measurement, percent cook loss, Warner-Bratzler shear force (WBSF), glycogen content (Thornton et al., 2012) , and sensory panel evaluation.
For proximate analysis, steaks were sent to SDK Laboratories (Hutchinson, KS). Moisture and DM were determined separately from CP and lipid content. On d 14 postmortem, ultimate pH of steaks was determined with a portable pH meter (model 1140; Mettler-Toledo, Woburn, MA) equipped with a puncture-type electrode, measured from the anterior end of the strip loin. The pH meter was calibrated using standard pH 4.0 and 7.0 buffers chilled to 4°C. Two objective color measurements were taken per steak using a Hunter MiniScan XE (Restin, VA). This instrument is equipped with a 25 mm diameter measuring area and a 10° standard observer. The instrument was set to D 65 illuminant and Commission International de l'Eclairage whiteness (L*), redness (a*), and yellowness (b*) and duplicate values taken from 2 locations on the steak were recorded. The scale for L* is from 0 (black) to 100 (white). Positive a* and b* values are red and yellow, respectively. Negative a* and b* val- ues are green and blue, respectively. Calibration of the machine was carried out each day by measuring against the black and white calibration tiles, as suggested by the manufacturer. Hue angle was calculated as tan -1 a*/b* (Wheeler et al., 1996) . Steaks were weighed and cooked to a fi nal internal temperature of 71ºC. Steaks were reweighed to determine cooking loss and allowed to cool to room temperature. Six cores (1.27 cm diam.) from each steak were mechanically removed parallel with the muscle fi ber orientation using a drill press-mounted coring device. Shear force was determined by shearing each core perpendicular to the muscle fi ber using a WBSF instrument (GR Manufacturing, Manhattan, KS). A consumer panel evaluated steaks for overall acceptance, tenderness, juiciness, fl avor, and off-fl avor. Overall acceptance, tenderness, juiciness, and fl avor were rated from 1 = extreme dislike to 9 = extreme like, and off-fl avor was rated as 1 = yes or 2 = no. A random number list was generated for each steak to prevent bias or steak identifi cation by the panelist. Each steak was cut into 8 cubes (1.3 by 1.3 cm by steak thickness) after cooking and placed into a numbered container. Each panelist evaluated 5 samples per session, none of which was from the same steak. Demographic characteristics of consumer panelists were similar for both taste panels, with 62% of panelists being 21 to 29 yr old and >42% of panelists consuming beef more than 2 times/wk most commonly as ground beef and steak.
Computations and Statistical Analyses
Statistical analyses were conducted using the SAS system (SAS Inst. Inc., Cary, NC). Residual feed intake was calculated as the difference between actual and predicted feed intake by regressing (SAS:REG) DMI on midtest BW 0.75 , ADG (Koch et al., 1963) , and UFT (Basarab et al., 2003) . For postweaning RFI evaluation, RFI was computed within each contemporary group (i.e., year, origin, and gender). All other statistical analyses, including measures of growth effi ciency and performance, were calculated across cohort. Analysis of fi nishing phase FE was conducted using the same statistical methods as that for postweaning RFI; however, due to the evaluation of only steers from cohorts 1 and 3 in the fi nishing phase, origin and gender were not included when defi ning the contemporary group for analysis of FE.
After RFI computation within contemporary group, steers and heifers were grouped into either ineffi cient (>0.5 SD above the mean), marginal (±0.5 SD from the mean), or effi cient (<0.5 SD below the mean) categories to defi ne RFI status. Analysis of variance (SAS:GLM) was used to test RFI grouping (ineffi cient, marginal, or effi cient), sire grouping (low or high ME M EPD), animal sex, and cohort effects with respect to performance variables, carcass data, and objective product quality measurements (pH, color values, cooking loss, and WBSF). When a signifi cant effect was noted (P ≤ 0.05), least square means were partitioned using pairwise comparisons. In addition, Spearman rank correlations were used to quantify relationships of progeny RFI and sire ME M EPD with the parameters previously mentioned. Contingency tables and χ 2 tests were used to analyze subjective product quality measurements (consumer taste panel) to determine if a difference of association existed among RFI and sire groups within testing traits.
RESULTS

Postweaning Residual Feed Intake
Performance traits of RA progeny evaluated for postweaning RFI are summarized in Table 4 . Means for performance variables ADG and DMI were different (P < 0.0001) among all cohorts with cohort 2 (1.5 and 11.5 kg/d) having a greater ADG and DMI than either cohorts 1 (1.1 and 8.4 kg/d) or 3 (1.4 and 11.0 kg/d). There was no difference (P > 0.05) in mean RFI values among the cohorts. In addition, feed to gain ratio (F:G) and G:F of cohorts 1 and 2 were different (P < 0.0001) from cohort 3. Initial BW was different (P < 0.0001) in that cohort 1 was less than cohorts 2 and 3 whereas fi nal (d 84) BW was different (P < 0.0001) among all cohorts with cohort 1 being the smallest, cohort 2 being the largest, and cohort 3 being intermediate. The differences in fi nal (d 84) BW were refl ected in the UFT measurement but not in the ULMA or UIMF measurements. Ultrasound fat thickness was greater (P < 0.0001) in cohorts 2 and 3 (1.24 and 1.05 cm, respectively) than in cohort 1 (0.51 cm), but ULMA was similar (P > 0.05) for all cohorts. Furthermore, UIMF was greater (P < 0.0001) in cohorts 1 and 2 (5.1 and 4.8%, respectively) when compared with cohort 3 (3.9%).
Residual feed intake was not correlated (P > 0.05) with ADG, was positively correlated (P < 0.05) with DMI and F:G, and was negatively correlated (P < 0.05) with G:F in all cohorts (data not shown). In addition, there were no interactions (P > 0.05) in any cohort between RFI group and sex of animal when evaluating performance measures, such as ADG, DMI, UFT, ULMA, or UIMF.
Postweaning and Finishing Phase Performance
Residual feed intake tended to be positively correlated (P = 0.06) with fi nishing phase FE for cohort 1, and the 2 measures were positively correlated (P < 0.001) in cohort 3 (Table 5 ). When evaluating other performance measures in the same manner, postweaning DMI was positively correlated (P < 0.001) with fi nishing phase DMI whereas there appeared to be no association (P > 0.05) between postweaning and fi nishing phase ADG in either cohort.
Carcass Traits and Product Quality Variables
Postweaning RFI was not correlated (P > 0.05) with important carcass traits in any of the cohorts (Table 6 ). In addition, progeny RFI and sire ME M EPD were not correlated (P > 0.05) in any of the cohorts. Maintenance energy EPD was correlated (P < 0.05) with 5 carcass traits in cohort 1 (HCW, LM area, KPH, fat thickness, and yield grade) whereas it was only correlated (P < 0.05) with 2 carcass traits in cohort 2 (KPH and fat thickness) and not correlated (P > 0.05) with any carcass traits in cohort 3. Neither progeny RFI nor sire ME M EPD was correlated (P > 0.05) with marbling scores or quality grade in any of the cohorts.
Both objective measurements (i.e., pH, cooking loss, WBSF, and proximate analysis) and subjective measurements (i.e., consumer taste panel) of product quality were not different (P > 0.05) among RFI groups or sire ME M EPD groups in either cohort 1 or 2 (data not shown). Consistently, panelists evaluated steaks from different RFI groups with a "like" or "marginal" response in the categories of overall acceptance, juiciness, tenderness, and fl avor, with <10% of the response preference being "dislike" in those categories. Neither RFI group nor sire ME M EPD group was identifi ed (P > 0.05) as having an off-fl avor associated with taste.
Residual Feed Intake Relationships: Ultrasound Intramuscular Fat and Maintenance Energy EPD
There was no correlation (P > 0.05) between progeny postweaning RFI values and UIMF percentages at the end of the RFI test for cohorts 1 or 3 ( Figure 1A and 1C) although there was a positive correlation (r = 0.24; P = 0.02) between RFI and UIMF for cohort 2. Note that the model predicting RFI included UFT; thus variation in UIMF was independent of UFT. For all cohorts, the relationship pattern between RFI and UIMF was similar. Clustering of data points for RFI was between values -1 and 1 whereas UIMF values were between approximately 3 and 7%.
Progeny postweaning RFI and sire ME M EPD was not correlated (P > 0.05) in any of the cohorts (Figure 2 ). Data revealed similar patterns of progeny RFI value distribution in both low and high sire ME M EPD groups, refl ecting the nonsignifi cant correlation between these 2 variables.
DISCUSSION
Evaluating relationships between RFI and phenotypic performance traits is imperative to the understanding of this particular FE trait. Selection pressures have been placed upon performance traits (e.g., ADG, DMI, fat thickness, rib-eye area) to improve growth and product quality potential, resulting in a greater return on investment. Therefore, it is necessary to determine whether RFI negatively impacts performance traits of RA crossbred cattle for which industry standards have been defi ned. Previous reports in the literature (Koch et al., 1963; Arthur et al., 2001a,b; Basarab et al., 2003) state the mean value of RFI within a test group is close to 0 and that RFI is not correlated with growth traits such as ADG. Data from the current study are consistent with these reports and imply that RFI is independent of ADG in growing RA crossbred progeny. In addition, results indicated that RFI is positively correlated with DMI and F:G, which is also in agreement with other studies (Herd and Bishop, 2000; Basarab et al., 2003) . In the current study, both steers and heifers were evaluated for RFI. Inherent physiological differences between sexes warranted investigation to determine if there was a sex × RFI group interaction for several measures of performance. , and (C) Cohort 3 (df = 87). Sires were categorized into high or low groups based on their individual ME M EPD value. Note: the Red Angus Association of America national breed average for ME M EPD is 4. Sires with a ME M EPD ≥ 4 were classifi ed as high ME M EPD, and sires with a ME M EPD < 4 were classifi ed as low ME M EPD. These data indicate that both steers and heifers respond similarly within RFI groups and combining the sexes for evaluation of performance measures (after calculation of RFI within contemporary group) has no adverse effects on the analysis.
Understanding the drivers of feed intake of growing and mature animals is of importance within all sectors of the beef industry. The ideal approach is to measure feed intake throughout the life of an animal to obtain an accurate FE measurement and to determine how FE status can alter during different stages of the production cycle. However, measuring feed intake of mature animals is both diffi cult and impractical. Therefore, measuring feed intake of growing animals is a more realistic approach because it is manageable within current livestock production systems (Archer et al., 1999) . Archer et al. (1998) suggested that the RFI value of a growing animal is correlated with its RFI value as a mature breeding animal, thus providing a selection tool for improved FE. In addition, Richardson et al. (1998) reported that steer progeny of parents previously ranked for postweaning net feed effi ciency (NFE, which is a term with full identity with RFI) were more effi cient in the feedlot than low NFE progeny, consuming less feed per unit of BW gain. In the current study, phenotypic correlation measurements were evaluated for steers tested during both postweaning growing and fi nishing phases. Results suggest that feed effi cient (or low RFI) steers during postweaning RFI testing were also effi cient during fi nishing phase FE testing. Current data support that RFI status detected during postweaning growth could be a potential indicator of RFI status during later stages of the production cycle. Furthermore, it is the combination of several traits, including feed intake, growth, carcass and meat quality, and reproduction, that determine the overall effi ciency of a beef production system (Archer et al., 1999) . When considering performance traits associated with improved FE, analysis of the current study suggests that DMI (which was highly correlated between growing and fi nishing phases, cohort 1, r = 0.69, P = 0.001 and cohort 3, r = 0.56, P = 0.0003) has a greater effect on FE status (also highly correlated between growing and fi nishing phases, cohort 1, r = 0.38, P = 0.06 and cohort 3, r = 0.50, P = 0.001) than ADG (not correlated, cohort 1, P = 0.12 and cohort 3, P = 0.56). The associations between postweaning and fi nishing phase DMI and ADG are expected, as the literature consistently shows that RFI (growing phase) and fi nishing phase FE are positively correlated with feed intake and independent of growth traits. This observation also suggests that the moderate prediction power of identifying feed effi cient animals in the growing phase may partially abrogate the need to test for FE in the fi nishing phase, at least in the research context. However, with no ADG relationship between the 2 phases, there is no potential to use growing phase ADG to predict time to target fi nish weight for individual animals irrespective of their FE status.
The relationship between postweaning RFI and product quality is of importance when considering market yields and return on investment. When considering economic improvement along with industry standards for beef quality, any improvement in FE must be achieved at the same time as maintaining or, if possible, improving product quality. Therefore, it is crucial that selection strategies to improve FE do not inadvertently diminish other important production or quality traits. In the current study, there was no phenotypic correlation between postweaning RFI and any measured carcass trait at harvest, suggesting that improving RFI does not have antagonistic effects associated with carcass or product quality. These data are consistent with other studies (Richardson et al., 1998; McDonagh et al., 2001; Nkrumah et al., 2004; Baker et al., 2006) reporting similar fi ndings. In contrast, sire ME M EPD was correlated with several measured carcass traits at harvest. Due to the nature of this study, it is important to discern whether these phenotypic associations are truly an infl uence of sire ME M EPD or if the correlations detected were due to the genetic potential of other sire traits that were inherent within the breeding design (refer to Table 1 ). To determine whether correlations were driven by sire divergence in ME M or if other sire traits might be drivers of the observed relationships, data were evaluated using the average values of each high and low ME M EPD group (within each cohort) for ME M EPD, HCW, LM area, fat thickness, and yield grade. Average trait values for high and low ME M EPD groups suggest that correlations between ME M EPD and HCW (cohort 1), KPH (cohorts 1 and 2), fat thickness (cohorts 1 and 2), and yield grade (cohort 1) are refl ective of sire genetic potential for these traits rather than a ME M effect. The average carcass weight EPD for high and low ME M EPD groups in cohort 1 (47.5 and 18.5, respectively) was the most divergent of the 3 cohorts. Due to the large difference between averages, it may be predicted that a correlation would be detected between ME M EPD group and HCW whereas the averages for cohort 2 (35.3 and 24.5, respectively) and cohort 3 (34.0 and 34.0, respectively) were more similar and no correlations were identifi ed. Note that ME M EPD is also strongly associated with growth EPD for the sires used in this study. From this information, it is also expected that yield grade would be correlated with ME M EPD in cohort 1, as yield grade is primarily driven by the ratio of rib-eye area to HCW in the carcass grading system. A moderate, positive correlation was observed between ME M EPD and LM area in cohort 1 but not in cohorts 2 or 3. There is not a clear association between the correlation and average rib-eye EPD for high and low ME M EPD groups (-0.01 and -0.21, respectively); therefore, this relationship may be refl ective of a ME M effect. Due to limited research regarding the relationship between ME M and product quality, it remains to be demonstrated if these 2 variables are associated. In addition, using objective and subjective testing procedures, results indicated that there were no negative associations of either RFI or ME M EPD with product quality. McDonagh et al. (2001) reported similar results in that no differences between high and low RFI groups were observed when measuring WBSF of LM steaks aged for 1 or 14 d. Additionally, Baker et al. (2006) reported a tendency (P = 0.10) for lower juiciness scores in steaks from high RFI steers compared with steaks from low RFI steers, with all other fl avor scores reported as showing no differences between high and low RFI steers.
Reports in the literature concerning the relationship between RFI and UIMF are not conclusive. Intramuscular fat (IMF) is an important component of the beef quality grading system in that it represents the degree of carcass marbling and thus drives quality grade scores for beef cattle. Thus it is linked to beef palatability and carcass value, both of which are key components determining market trends and return on investment. Previous studies (McDonagh et al., 2001; Carstens et al., 2002; Baker et al., 2006) reported no correlation between RFI and IMF. However, results from the current study suggest that a slight phenotypic correlation existed between postweaning RFI and UIMF in cohort 2 whereas no relationship was later observed between RFI and carcass marbling score. Also, there were no such relationships detected for cohorts 1 or 3. In agreement with the current study, Basarab et al. (2003;  based on 2 consecutive years of study) reported that there was a tendency (P = 0.11 and 0.12, respectively) for RFI to be correlated with ultrasound marbling (r = 0.13 and 0.13, respectively) in crossbred cattle, but the study found no association between RFI and carcass marbling scores. Even this hint of a suggestion that RFI and IMF percentage may be related in some cattle populations provides a strong motivation to be vigilant in simultaneously monitoring effi ciency, production, and quality variables.
There are several different performance aspects to consider when evaluating FE measures. Energy devoted to maintenance is among one of the most important concepts regarding FE and overall animal effi ciency. The ME M requirement of an animal can be summarized as the amount of feed energy required to produce a 0 BW change (or a 0 body energy change) after allowing for the various energy densities of body components (Ferrell and Jenkins, 1985) . More specifi cally, these requirements represent the amount of energy necessary to maintain processes such as basal metabolism (e.g., protein synthesis and degradation, ion transport, cellular signaling), vital organ function, voluntary movements, and thermoregulation (Thompson et al., 1983) . Energy expenditures for maintenance functions vary in beef cattle, according to genetic potential, production status, and physiological state. It has been estimated that maintenance functions account for 70 to 75% of total energy expenditure in the producing female and anywhere from 35 to 50% in growing and fi nishing animals (Ferrell, 1988) . Studies have indicated that variation in ME M requirements can be partially explained by the variation in body composition (i.e., lean and fat tissue) and associated metabolic processes (Ferrell et al., 1979; Cleveland et al., 1983) . Other contributors to the ME M requirement of an animal are body tissues (i.e., visceral organs) with high metabolic activity, particularly the liver and digestive tract. Studies have estimated that the combination of these tissues can account for approximately 40 to 50% of total animal energy expenditure, which is a proportionally large amount of energy considering the liver and digestive tract account for typically 10% of body mass [see reviews in Ferrell (1988) , Archer et al. (1999) and Caton et al. (2000) ]. At the cellular level, activity of the plasma membrane Na + , K + adenosine triphosphatase (ATPase) has been estimated to account for 20 to 45% of the oxygen uptake in resting cells (Whittam, 1961) . Gregg and Milligan (1982) reported similar fi ndings in that the activity of the Na + , K + ATPase accounted for a minimum of 40% of muscle O 2 consumption. Therefore, ME M requirements of an animal are driven by both the cellular activity of highly metabolic tissues and overall body composition, which further justifi es the physiological importance of ME M and the need to understand its impact on RFI.
It is hypothesized that animals exhibiting an improvement in RFI will have decreased ME M requirements (Richardson et al., 2004) possibly due to genetic potential of effi cient feed conversion into lean tissue (i.e., muscle) via protein deposition. A small change in the rate of synthesis or degradation could have large impacts on the amount of energy needed to support ME M requirements. For example, a reduction in protein degradation is benefi cial in that it requires little to no energy input when compared with protein accretion (Hill et al., 2003) . Therefore, animals classifi ed as RFI efficient may have the ability to convert feed nutrients into muscle mass at a more effi cient rate than their ineffi cient contemporaries. Previous studies within the literature support this hypothesis, indicating that improvement in RFI is associated with an increase in lean tissue (i.e., muscle) and a decrease in fat (Arthur et al., 2001a; Richardson et al., 2001; Carstens et al., 2002; Basarab et al., 2003) . However, very few studies have evaluated the relationship between ME M and RFI. Castro Bulle et al. (2007) suggested that RFI may be negatively correlated with ME for maintenance via protein metabolism measurements of steers tested for RFI, but these results must be viewed with caution due to the small number of replicates in the study. In the present study, the relationship between sire ME M EPD and progeny RFI was evaluated to determine whether the use of sires with a low ME M EPD would result in progeny with improved RFI. However, results indicate that sire ME M EPD and progeny RFI are not correlated on a phenotypic basis and do not support the initial hypothesis of this study that sire ME M EPD is positively correlated with progeny RFI. The authors are not aware of any other studies examining this relationship, warranting the need for further scientifi c investigation in this area.
Implications
This study demonstrates that RFI does not negatively affect carcass quality or product quality in RA crossbred cattle. In addition, no relationship was identifi ed between sire ME M EPD and progeny postweaning RFI. These fi ndings provide a basis for further research to better characterize RFI relationships with production performance variables and sire ME M EPD. Further characterization of the relationship between ME M EPD and RFI will be helpful to determine if sire ME M EPD can be implemented into breeding strategies as a possible indicator trait of RFI potential. Also, further study of associations of RFI with other production and quality traits will continue to advance the beef industry toward the selection of more FE cattle to reduce inputs and maintain or improve production outputs.
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